ABSTRACT Background: The World Health Organization recommends vitamin A supplementation (VAS) at vaccination contacts after 6 mo of age to reduce mortality. However, it is unknown whether the effect of VAS is independent of vaccinations. One of the original VAS trials from Ghana had collected vaccination information. Objective: We reanalyzed the data to explore the hypothesis that VAS reduces mortality in children who had bacille Calmette-Guérin or measles vaccine as their most recent vaccine but increased mortality when diphtheria-tetanus-pertussis vaccine (DTP) was the most recent vaccine. On the basis of previous studies, we expected the effects to be strongest in girls. Design: At enrollment, children aged 6-90 mo were randomly assigned to receive VAS or placebo every 4 mo for 2 y. Vaccination status was assessed at enrollment and after 1 and 2 y by reviewing the children's health cards. Lack of a health card was presumed to mean that the child had not been vaccinated. Results: VAS had a beneficial effect only in children with no record of vaccination at enrollment (n = 5066); the mortality rate ratio (MRR) was 0.64 (95% CI: 0.47, 0.88) compared with 0.95 (95% CI: 0.72, 1.26) in children with one or more vaccinations (n = 6656). Among vaccinated children, the effect of VAS differed between boys (MRR: 0.74; 95% CI: 0.51, 1.08) and girls (MRR: 1.18; 95% CI: 0.84, 1.67) (P = 0.046 for interaction). VAS had a negative effect in measles-vaccinated girls who were missing one or more doses of DTP at enrollment, a group who often received DTP during follow-up (MRR: 2.60; 95% CI: 1.41, 4.80). Conclusions: The effect of VAS differed by vaccination status. This is potentially problematic because VAS is provided at vaccination contacts.
INTRODUCTION
Vitamin A supplementation (VAS) to children aged .6 mo in low-income countries has been estimated to reduce overall mortality by 23-30%. Estimates are based on several metaanalyses of VAS trials conducted in the 1980s and early 1990s (1, 2) . Currently, the World Health Organization recommends administration of VAS at vaccination contacts after 6 mo of age (3) . However, none of the trials that found reduced mortality after VAS examined the link with vaccination status. Hence, it is unknown whether the effect of VAS on mortality is independent of vaccinations.
We proposed the hypothesis that VAS interacts with the nonspecific effects of routine vaccines (4) . This hypothesis was based on the observation that the effect of VAS varied by age group. Most VAS trials that addressed the effect of VAS after 6 mo of age (1, 2) and the first 2 trials that examined the effect of VAS at birth (5, 6) found a beneficial effect of VAS on mortality. On the other hand, all trials that have addressed the effect of VAS given between 1 and 5 mo of age have found no effect or even a tendency for a negative effect (7) (8) (9) (10) (11) (12) (13) . This mortality-age pattern resembled that seen after routine vaccinations. Our group has consistently found that vaccines, apart from disease-specific effects, may also have so-called "nonspecific effects." The live vaccines bacille Calmette-Guérin (BCG), which is recommended at birth, and measles vaccine (MV), which is recommended at 9 mo of age, are associated with decreased overall mortality (14) (15) (16) (17) , whereas diphtheria-tetanus-pertussis vaccine (DTP), which is recommended at 6, 10, and 14 wk of age, is associated with increased mortality in areas where exposure to pertussis is limited because of high vaccination coverage (18) (19) (20) . Intriguingly, both beneficial and negative effects of vaccines have been strongest in girls (21) (22) (23) .
Because vitamin A may act as an adjuvant (24) , we proposed that VAS might amplify these nonspecific effects of routine vaccinations on mortality. Hence, VAS would be additionally beneficial when administered in children whose most recent vaccines were BCG and MV, but potentially harmful in children, whose most recent vaccine was DTP (4) . This would explain the mortality-age pattern after VAS. Because the nonspecific effects of vaccines are strongest in girls (21) (22) (23) , the interaction between VAS and vaccines could be expected to be most pronounced in girls.
Since its initial formulation, data consistent with the hypothesis have been reported (25) (26) (27) (28) . If the hypothesis is correct, it would have major implications for the current vitamin A policy. We sought opportunities to further explore the hypothesis in already existing data sets. One of the original VAS mortality trials from Ghana (29) (30) (31) (32) had collected information on vaccinations at the initiation of the trial. We analyzed the data to examine whether the effects of VAS on overall mortality differed by vaccine status and sex. The a priori hypothesis was that VAS would be associated with reduced mortality in children who had BCG or MV as their most recent vaccine, but associated with increased mortality when DTP was the most recent vaccine, and these effects would be most pronounced in girls.
SUBJECTS AND METHODS

Setting and study design
The Ghana Vitamin A Supplementation Trial (VAST) took place in Navrongo, a rural area of northern Ghana, from September 1989 to December 1991. The study area and the study design were described in detail elsewhere (29) (30) (31) (32) . Briefly, the Survival Study enrolled children aged 6-90 mo. At enrollment, children were randomly assigned to receive 200,000 IU VAS (100,000, 6-11 mo of age) or placebo every 4 mo, in a total of 7 rounds during a period of 2 y. The area was divided in 4 geographic zones used for supervision of the fieldworkers: east, west, north, and south. Randomization was done by clusters of 30-77 compounds. Overall, 92 clusters were assigned to VAS and 93 clusters to placebo. A total of 21,906 children were enrolled.
Age determination
At enrollment, the date of birth of the child was determined from the child's health card if available. Otherwise the date of birth was assessed by means of a detailed local events calendar (29) . If no exact date could be obtained, the date was set to day 15 of the month of birth. The date of birth may have been determined more precisely among children with a health card because the date of birth was registered on the card. There were far more children who had day 15 in a month as the date of birth among children without a health card (74%) than among those with a card (42%), and the month of birth was grouped close to the date of the enrollment month or 6 mo earlier, which indicated that the children had been said to be, for instance, 1 y, rather than 1 y and some months of age. This would have tended to make the reported age of children with no health card slightly lower than it truly was.
Vaccination information
While the trial was being conducted, the recommended vaccine schedule was as follows: BCG at birth; DTP/oral polio virus (OPV) at 6, 10, and 14 wk of age; and MVat 9 mo of age. Vaccinations were provided by routine government health services.
In Ghana, as in most low-income countries, there are no central vaccination registers. The first time a child comes for a vaccination, the child typically receives the first vaccine(s) and a health card on which the vaccines are noted. The health card is kept by the child's family. Vaccination status is assessed by inspecting the health card. The dates of vaccination for a specific vaccine can only be obtained from children who have a health card available for inspection. Children who have no health card are presumably unvaccinated, because they would have received a health card when first vaccinated. Children who report that they have a health card but the card is not available for inspection may have received one or more vaccines, but the dates and types of vaccination are not available. In the present study, we compared children who had a health card with children without a health card as a crude way of comparing vaccinated and unvaccinated children. Analyses restricted to specific vaccines have been limited to children who had a health card.
The collection of vaccination information is illustrated in Figure 1 . Vaccination information was collected at the initiation of the trial. Of the 21,906 children in the trial, 13,462 were enrolled in the first round. One year later, in the fourth round, and 2 y later, in the seventh and last rounds, vaccination information was collected again. We used the information from the fourth and the seventh rounds (obtained from children who had a health card or who had no health card at the respective rounds) to assess the chance of getting vaccinations in the year (s) after enrollment (Appendix A).
Outcomes
Survival status was assessed at each of the 7 rounds. If a child had died, the date and the likely cause of the death were noted. The fieldworkers were trained to screen for night blindness and to identify Bitot's spot and corneal xerosis or ulcer or scarring. If they thought that the child might have any of these, the child was referred to a weekly research clinic, where the child was screened by a clinician who had received additional training in recognizing xerophthalmia. The clinician's decision was taken as the definitive diagnosis.
Statistical analyses
Vaccination information was only available at enrollment and during the fourth and seventh rounds, and no vaccination information was collected from dead children. Hence, it was not possible to directly assess the effect of VAS within the time window in which a vaccine was the most recent vaccine, because information on vaccines received after enrollment would only be available for children who survived and had their vaccination status assessed the next year(s). We analyzed the effect of VAS according to vaccination status at enrollment. We analyzed 3 phases of vaccination delivery: 1) children who had received only BCG, 2) children who had received DTP but not MV, and 3) children who had received MV. Most children had registered an OPV at the same time as a DTP vaccine, but we focused on DTP because previous studies have indicated that DTP rather than OPV has negative nonspecific effects (20) . We assessed the effect of VAS on survival in both the first 4-mo follow-up period (first to second rounds) of the trial and during the full 2-y study period (first to seventh round). The interpretation of this analysis was weakened by the fact that it did not take into account vaccines given during follow-up. When we analyzed the data, it became clear that the vaccination incidence was high in the months after enrollment. Hence, we conducted further analyses in which we focused on vaccination status at enrollment as a predictor of vaccines likely to be received during follow-up, eg, children with a health card who had not received MV during follow-up often received MV, and, likewise, children who had not received 3 doses of DTP often received an additional dose of DTP (Appendix A). We used vaccination information in the fourth round and mortality in the subsequent second year of the study to assess whether the changes in vaccination status after enrollment were in fact associated with survival.
Comparisons of background factors for children with and without a health card were carried out by using Poisson and linear regression models with control for age groups (,12, 12-17, 18-23, 24-29, 30-35, 36-47, and 48 mo), sex, and zone. Comparisons of compound assets were furthermore adjusted for the number of participating children in the compound to take into account the fact that compound size varied considerably. Robust variance estimation allowing correlations within clusters was applied (33) .
The survival data were analyzed in Cox proportional hazards models with age as the underlying time, ie, with analysis time starting at the date of birth and delayed entry at the time of the first round. Hence, age was inherently controlled for in the models. We adjusted all analyses for zone. We tested the effect of all background factors presented in Table 1 on the estimate of the effect of VAS on mortality after 2 y. None of the factors changed the estimate by 5% and were therefore not adjusted for. The comparisons of the effect of VAS among children with and without a health card were conducted with and without adjustment for socioeconomic factors (possession of zinc roof and radio) and markers of a pro-vitamin A-rich diet (mango trees, pawpaw trees, and red palm oil in compound controlled for number of participating children in the compound) to allow for the probability that children without a health card may have been more vitamin A-deficient. Robust variance estimation allowing correlations within clusters was applied (33) . The effect of VAS was studied in all children (adjusted for sex as well as the abovementioned factors) and in a model allowing differential effects in boys and girls. Within all models, tests for proportionality of hazard rates were computed by using Schoenfeldt's residuals (34) . Data were analyzed by using Stata 10.0 (StataCorp, College Station, TX).
RESULTS
Of the 13,462 children enrolled in the first round, 49% presented a health card, 13% were said to have had a card but it was not seen, 38% were reported not to have had a card, and 0.1% had no information on health card status. At the fourth round 1 y later, 35% (595/1699) of those who had been reported in the first round to have had a health card but this was not available to be seen were reported not to have a card, and the information for this group is therefore less valid. Hence, the analysis has focused on the 11,722 children whose card was seen (n = 6656) or who were reported not to have had a card (n = 5066) during the first round ( Figure 1 ). The comparison of background factors indicated that those who were excluded from the present analysis (n = 1740) generally resembled children who had a health card more than those who were reported not to have a health card, although they were older (Table 1) .
Comparison of children with and without a health card
There were major differences in the proportion of children having a health card between the 4 zones ( Table 1) . Children with a health card were younger than those having no card. They more often came from compounds with a zinc roof, radio, and access to pro-vitamin A-rich foods. They were more likely to have a BCG scar and not to have had measles illness before enrollment. The advantage in measles protection was substantially reduced when the children who had received MV were excluded from the comparison. Children with a health card had significantly lower midupper-arm-circumference-for-age z score and weight-for-age z score. They were also more likely to have been hospitalized.
VAS effects according to health card status
Because health cards are typically handed out in connection with a vaccination, we assumed that children having a health card had been vaccinated with one or more vaccines, and according to the information collected in the first round, 6244 (93.8%) had one or more vaccines documented on their health card. Of the remaining 412 children, who had a health card but no vaccinations noted, 10% (39 of the 374 children who were seen again during the fourth round) had vaccination dates that preceded the first round. Hence, it appears that some field assistants had noted that the child had a health card, but forgotten to note the vaccination dates. Other children may have received vaccines along with the vaccination card, but the health worker who provided the vaccine(s) had forgotten to write it on the health card. Hence, we compared children with and without a health card as a proxy for children with and without vaccinations. However, we also tested whether the main conclusions remained the same if we compared only children with a documented vaccination at enrollment with children with no health card. 2 Information at enrollment. 3 Interquartile range in parentheses. 4 Also adjusted for the number of participating children in the compound. 5 Children with recorded measles vaccination were excluded.
As shown in Table 2 , within the 2-y trial period, VAS only had a beneficial effect for children without vaccinations; the mortality rate ratio (MRR) was 0.64 (95% CI: 0.47, 0.88) in these children compared with 0.95 (95% CI: 0.72, 1.26) in children with vaccinations (test of interaction between VAS and vaccination status, P = 0.057). This result did not change substantially after control for socioeconomic factors and provitamin A-rich food in the compound ( Table 2 ). The beneficial effect of VAS on mortality in children without vaccinations was similar for boys (MRR: 0.68; 95% CI: 0.47, 0.99) and girls (MRR: 0.60; 95% CI: 0.40, 0.92). There was no overall beneficial effect among children with vaccinations (MRR: 0.95; 95% CI: 0.72, 1.26). However, the effect was not the same in boys and girls (test of interaction between VAS and sex, P = 0.046). There was a strongly differential effect of VAS among girls with and without vaccinations (test of interaction, P = 0.009) whereas there was no differential effect for boys (test of interaction, P = 0.777). The 3-factor interaction between VAS, sex, and vaccinations reached a P value of 0.050. The pattern was the same if the analysis was restricted to the first 4 mo after the first round, in that the effect of VAS tended to be different for girls with and without vaccinations (Table 2), although this difference was not statistically significant (test of interaction, P = 0.152), possibly because of the small number of mortality events.
If we limited the analysis to a comparison of children with a documented vaccine at enrollment (n = 6244) and to children with no health card (n = 5066), the conclusions remained the same. The MRR was 0.96 (95% CI: 0.72, 1.26) in children with a documented vaccination (test of interaction between VAS and vaccination status, P = 0.057). Among children with a documented vaccination, the effect of VAS tended to be beneficial for boys (MRR: 0.72; 95% CI: 0.49, 1.05; P = 0.090) but not for girls (MRR: 1.22; 95% CI: 0.87, 1.72; P = 0.246). Hence, the difference in the effect of VAS in boys and girls became slightly stronger (test of interaction between VAS and sex, P = 0.025).
Overall, VAS reduced the risk of xerophthalmia by 54% (relative risk: 0.46; 95% CI: 0.28, 0.75). This effect was seen in children with and without a health card and in both boys and girls (Table 2) . Among children with a health card, the risk of xerophthalmia was the same in children who had only received DTP and in children who had received MV at enrollment (relative risk: 0.77; 95% CI: 0.29, 2.09).
Vaccination coverage
The overall vaccination coverage was low; at enrollment, only 46% of the children who were aged 6-90 mo had at least one documented DTP vaccination and only 37% had MV ( Table 3) . For those with a health card, the coverage continued to increase until '24 mo of age. Most children had received their routine vaccinations out-of-sequence; 78% of those who had received both BCG and DTP had received BCG at the same time as one of their DTP vaccinations. A total of 61% had received DTP at the same time as MV, and 49% had received DTP after MV. Some had received DTP both with and after MV; hence, a total of 80% (3423/4297) had received at least one of their doses of DTP simultaneously with or after MV (Table 3) .
Among children who had their vaccination status assessed during the first round and 12 mo later during the fourth round, the vaccination intensity in the 12 mo after enrollment was high for children with a health card at enrollment (Appendix A). Almost 60% received additional doses of DTP if they had not received 3 doses of DTP at enrollment (71% among children with no MV at enrollment, and 51% among children with MV at enrollment). The incidence of DTP vaccination was highly significantly different between those who had received the third or fourth DTP (DTP3-4) and those who had not yet received 3 doses of DTP (DTP0-2). Approximately 65% of those who had not received MV at enrollment subsequently received this vaccine (56%, 66%, and 61% among children with no DTP, DTP1-2, and DTP3-4 at enrollment, respectively). Among children who did not have a health card at enrollment, but who were seen during the fourth round, only '11% received DTP (11%) or MV (12%) during the first year of follow-up. The vaccination intensity was comparable in boys and girls (data not shown).
VAS and BCG vaccine
Only 119 children had received BCG and no DTP or MV at enrollment (data not shown). Only one of these children died within the next 2 y; therefore, it was not possible to analyze any differential effect of VAS.
VAS and DTP
Among children who had received DTP but not MV at enrollment, VAS tended to be associated with lower mortality ( Table 4 ). The effect appeared to be independent of the number of DTP vaccines received before enrollment, although the study lacked the power to examine this (data not shown).
Among the children who had their vaccination status assessed 1 y later, we assessed whether the effect of VAS could be related to the children receiving MV during follow-up. The MRR for VAS versus placebo during the second year of the study was 0.45 (95% CI: 0.15, 1.37) for those who had received MV during the first year (n = 747, 73%), whereas the MRR was 1.19 (95% CI: 0.28, 5.02) for children who had not received MV during the first year (n = 282; 27%) (test of interaction, P = 0.25).
VAS and MV
Among MV recipients, VAS was associated with significantly higher mortality for girls in both the first 4 mo and the full 2 y of the trial ( Table 5 ). Female VAS recipients had roughly 2-fold higher mortality than female placebo recipients and than male VAS recipients. VAS was not associated with mortality among boys. The effect of VAS over 2 y of follow-up was significantly different for boys and girls (test of interaction, P = 0.009) Because MV children who had ,3 doses of DTP at enrollment were likely to receive additional doses of DTP during follow-up, we analyzed mortality among MV-vaccinated children according the number of doses of DTP received before enrollment (Table 5 ). There was little difference in mortality between VAS and placebo recipients who had received DTP3-4 at enrollment. However, among children who had received 0-2 doses of DTP, mortality was 2.6-fold higher for girls who received VAS than for the placebo group (P = 0.002), but only half among boys who received VAS compared with placebo (P = 0.056). Hence, the effect of VAS differed significantly between boys and girls among the children who were likely to have received additional doses of DTP during follow-up (test VITAMIN A SUPPLEMENTATION AND VACCINES MRR, mortality rate ratio, derived from Cox proportional hazards models; RR, relative risk, derived from Poisson models. Estimates with the same superscript letters were significantly different, P , 0.05.
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Adjusted for age, sex, and zone.
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Adjusted for age, sex, zone, possession of zinc roof, radio, mango tree, pawpaw tree, red palm oil, and number of participating children in the compound.
of interaction, P = 0.0004), but not among the children who were not likely to receive further doses of DTP (P = 0.704).
To explore whether the MRR between the high VAS and placebo recipients in girls who had received 0-2 doses of DTP at enrollment was in fact related to having received additional doses of DTP after enrollment, we assessed the effect of VAS during the second year of follow-up in children who had and in children who had not received DTP during the first year ( Table 6 ). Among the girls who had a health card both at enrollment and 12 mo later at the fourth round and who had between 0 and 2 doses of DTP at enrollment, VAS was associated with higher mortality among those who had received DTP after MV, but lower mortality among those who had not received DTP after MV) (test of interaction between VAS and DTP after MV, P = 0.03) ( Table 6 ).
DISCUSSION
Principal findings
The original study found a beneficial effect of VAS on overall mortality; the MRR between VAS and placebo recipients was 0.81 (95% CI: 0.68, 0.98) (22) . In the present reanalysis, which focused on the children enrolled at the first round who had or did not have a child-held health card, the overall effect of VAS on mortality was similar: 0.79 (95% CI: 0.63, 0.98).
As hypothesized, the reanalysis suggests important interactions between VAS, sex, and vaccines. VAS was associated with a strong beneficial effect in children with no record of vaccination, whereas there was almost no effect for those who had been vaccinated. This differential effect was due to a difference in girls, in whom VAS was associated with a decrease in mortality in the unvaccinated but in whom VAS was associated with a nonsignificant increase in mortality in the vaccinated (Table 2 ). This was due to a differential effect of VAS according to vaccination type. Among girls who had already received MV at enrollment, VAS was associated with significantly higher mortality. This was only seen in girls who were missing doses of DTP at enrollment and were therefore likely to receive them during follow-up (Table 5) . Consistent with this interpretation, VAS was associated with significantly higher mortality during the second year of the trial in girls who had received DTP after MV during the first year of the trial (Table 6 ).
TABLE 4
Mortality of vitamin A supplementation (VAS) and placebo recipients among children vaccinated with diphtheria-tetanuspertussis vaccine (DTP) who had not yet received measles vaccine at enrollment and who had received at least one DTP, by length of follow-up and sex 
Strengths and weaknesses
The strength of the present study was its large sample size and the fact that the data were collected by a research team who was unaware of the hypothesis. However, vaccination data were only collected once a year, and we were not able to change the vaccination status for children when they received other vaccines, except annually. Many children received additional vaccines already within the first months of follow-up (Appendix A), possibly because the inspection of heath cards at enrollment made mothers aware that their children were missing vaccines. Furthermore, the vaccination practice varied; few children received the vaccinations according to schedule. This meant that the planned approach of analyzing the effect of VAS using the most recent vaccination at enrollment as a proxy for most recent vaccination became less meaningful. Hence, we conducted a further analyses of survival in which we stratified the children according to the vaccinations they were likely to receive during follow-up. This is obviously less ideal than if the vaccination status had been updated on a more frequent basis.
Bias and confounding
The present study involved randomization by cluster, was placebo-controlled, and was double-blind. Misclassification of exposure (vitamin A or placebo) did not seem likely, and no allocation errors were found after this was checked in a sample of bottles returned from the field. Differential misclassification of outcomes (deaths and xerophthalmia) also seemed unlikely. However, the key analyses in the current study were subgroup analyses, so the important strength of maximizing the chance of equalizing known and unknown confounders that is conferred by randomization may have been lost. We therefore examined the effects of vaccination with and without adjustment for known potential confounders. We analyzed the effect of VAS by health card status. Some of those without a health card may have actually received vaccines, and indeed 23% (1167/5062) of the children without a health card were reported to have a BCG scar by fieldworkers. Furthermore, 11% (709/6656) of those who had their card seen during the first round did not have a card during the fourth round, which indicated that cards did get lost. However, the proportion with a BCG scar among children without a card (1167/5062) was significantly lower than among those with a card (5330/6653), and the proportion reporting measles infection among children with a card (174/6646) was significantly lower than that among children without a card (249/ 5046). Hence, it seems likely that a large majority of those without a health card had never received any vaccination. The vast majority of children with a health card had one or more documented vaccines (6244/6656). If anything, the differences in VAS effects in children with and without a health card became stronger if we excluded children with a health card but no documented vaccines. Hence, it seemed justified to use possession of a health card as a proxy for having or not having received vaccines. Nondifferential misclassification of exposure information would lead to conservative effect estimates.
Effect of vitamin A deficiency
Several significant differences in baseline characteristics were observed between those with and without a health card, which could perhaps have explained the differential effect of VAS. In particular, the effects could be explained by a higher prevalence of vitamin A deficiency among children without a health card. Indeed, vitamin A-rich foods were less common in households of children without a health card, and these children clearly also came from compounds that were poorer. However, in other respects, the children with a health card could seem to represent a more fragile group of children; they apparently had worse nutritional status and were more often hospitalized. The worse nutritional status may indicate that the age of the children without a health card on average had been assessed to be lower than it truly was (see Subjects and Methods), and more frequent hospitalization could simply reflect that communities with high vaccination coverage had closer contact with health services. Importantly, the proportion who developed xerophthalmia during the follow-up period was similar among those with and without a card, and, particularly, there was no significant difference in the placebo group (Table  1) . Hence, the differential effect of VAS in children with and without a health card may thus have been due to a true differential effect of VAS in vaccinated and unvaccinated children.
VAS and vaccine interactions
Before analyzing the present data, we hypothesized that the effect of VAS would depend on the most recent vaccine at enrollment, the effect of VAS being beneficial when BCG and MV were the most recent vaccines, but negative when DTP was the most recent vaccine, especially in girls. The observed interaction between VAS and health card supports that VAS and vaccines interact. The fact that this interaction was only seen for girls supports the hypothesis that this interaction was due to interactions between VAS and vaccines, because the negative nonspecific effects of vaccines have been observed in girls (21) (22) (23) .
In contrast with our prior expectations, VAS tended to be beneficial when DTP was the most recent vaccination (Table 4) , whereas VAS was associated with increased mortality in girls who had MV as their most recent vaccination before enrollment (Table 5) . Initially, this appeared to contradict the hypothesis. However, that hypothesis was based on the expectation that children received the vaccines in the recommended sequence, ie, first BCG, then all doses of DTP, and then MV. In the present study, most children had received vaccines out-of-sequence, and vaccination intensity was high during the months after enrollment (Table 3 and Appendix A). Having DTP as the most recent vaccination before enrollment was associated with a high probability of receiving MV after enrollment, and having MV and 0-2 doses of DTP before enrollment was associated with a high probability of receiving one or more DTP vaccines during enrollment. Hence, the most recent vaccination may in fact have been the vaccine received after enrollment rather than the vaccine received before enrollment. From this perspective, the beneficial effect of VAS in children with DTP as their most recent vaccination before enrollment might indicate that many children were likely to receive MV during follow-up; although data were limited for the last year of the study, they did suggest that the beneficial effect was among children who had received MV during the first year of the study.
The negative effect of VAS in girls with MV before enrollment might reflect that many children received DTP during follow-up. This was clearly indicated by the fact that the strong negative effect of VAS (Table 5 ) was only found among MV girls who had received ,3 doses of DTP before enrollment and hence were likely to receive additional doses of DTP during follow-up. In support of this interpretation was the observation that the excess mortality during the second year of the study among girls who had received VAS was only found among girls who had received DTP after MV during the first year of the study (Table 6) . Hence, this reanalysis supports the hypothesis that receiving VAS in the same time window as DTP may have negative consequences for girls.
Conclusions
VAS clearly reduced the risk of developing xerophthalmia in boys and girls with and without a health card. Hence, vitamin A deficiency was present and prevented or treated by means of VAS. Despite this, VAS had no effect on mortality in children who were vaccinated, and it was associated with increased mortality among measles-vaccinated girls who were likely to have received DTP during follow-up.
Note that the first large randomized VAS studies, which led to the current VAS policy, took place when the global vaccination program was in its initial phase. The present study adds to an accumulating number of studies suggesting that the effect of VAS is not independent of routine vaccines and may be harmful in some situations (12, 13, (26) (27) (28) . This is potentially problematic because the official policy is to give VAS at vaccination contacts. Because the current VAS policy is not based on specific studies, there is an urgent need to reassess interactions between VAS and VITAMIN A SUPPLEMENTATION AND VACCINES vaccines in data from previously conducted studies if data on vaccination status were collected and to test the effect of VAS and different vaccination practices in future randomized trials.
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